We have subjected homogenates of mid-luteal phase equine CL to fractionation on continuous sucrose density gradients and have assayed gradient fractions for progesterone content, for specific binding of ), similar to that of markers for luteal cell surface membranes (LH receptor, alkaline phosphatase) but distinct from that of other major luteal cell organelles. Binding of radiolabeled progesterone to dextran-charcoal-stripped equine luteal membrane fractions pooled from the 20-24% sucrose (1.08-1.10 g/cm 3 ) region of the gradients was low, but it could be stimulated markedly and in a dose-dependent fashion by digitonin. Other detergents and cardiotonic steroids had no effect. In the presence of digitonin, [
INTRODUCTION
The CL is essential for the maintenance of the first half of pregnancy in the mare by secretion of the steroid hormone, progesterone. Despite the central role of this hormone in reproduction, little is known of the mechanism of progesterone secretion in the mare. Originally, it was believed that steroids left the cell by passive diffusion [Enders, 1973] . Later studies in ruminants implicated electron-dense granules secreting progesterone by exocytosis [Gemmell & Stacy, 1979; Sawyer et al., 1979] . However, these granules were shown subsequently to contain oxytocin and neurophysin, which differed from progesterone in their release characteristics [Sernia et al., 1982; Hirst et al., 1986] .
Recent work has identified a unique particulate subcellular fraction within the CL of a number of species, including sows [Bramley & Menzies, 1988a; , cattle J This work was funded in part by the University of Edinburgh and the Dorothy Russell Havemeyer Trust. Correspondence. FAX: 0131 650 6588.
[ Rae et al., 1992] , sheep , humans [Bramley & Menzies, 1988b] , and goats (Mani, Menzies, Bramley, & Watson, unpublished observations) , that can specifically bind radiolabeled progesterone with high affinity. In isolated luteal membranes, these sites appear to be occupied by endogenous steroid that cannot be removed by stripping with dextrancharcoal; however, inclusion of digitonin in the binding assay in vitro stimulates [ 3 H]progesterone binding, apparently by displacing endogenous steroid(s) and unmasking the high-affinity progesterone-binding sites (Rae and Bramley, unpublished data) .
Steroidogenesis and control of luteal function in the mare may differ from that in other species [Short, 1964; Channing, 1969; Condon et al., 1979; Watson & Sertich, 1990] . Knowledge of the mechanism of release of progesterone by the mare CL should give a better understanding of the control of luteal function and lead to new methods for the regulation of fertility in equids. In the present study, we employed density gradient fractionation with markers for various intracellular organelles 1) to determine whether or not the mare CL has a specific steroid-binding fraction and 2) to determine the subcellular component with which progesterone binding was associated.
MATERIALS AND METHODS

Materials
All chemicals, inhibitors, and reagents were of analytical grade and were obtained from either Sigma Chemical Co. (Poole, Dorset, UK) or from BDH (Poole, Dorset, UK). Radiolabeled [l,2,6,7-3 
Methods
CL were recovered postmortem from four mares in the mid-luteal phase of the cycle. Each individual CL was weighed, trimmed free of stroma and connective tissue, and homogenized in a Polytron homogenizer in ice-cold SET buffer (0.3 mol/L sucrose, 10 mmol/L Tris, 1 mmol/L EDTA buffer, pH 7.4; 100 mg wet weight/ml) with two 10-sec bursts at full speed separated by a 1-min cooling period in ice. After filtration through cheesecloth, aliquots (3 ml) of each homogenate were layered over 30 ml continuous sucrose density gradients (10-50%; 1.03-1.23 g/cm 3 ) prepared by the method of Stone [1974] and centrifuged at 30,000 X g for 2 h (4°C) in a vertical tube rotor (Sorvall, Du Pont, UK). After centrifugation, tubes were placed in ice, and thirty 1-ml (36 drop) fractions of each gradient were collected through use of a Buchler-Searle Autodensiflow (Fort Lee, NJ) fractionator equipped with a meniscus-sensitive probe. The hollow, meniscustracking probe was coupled to a peristaltic pump and fraction collector, enabling fractionation of sucrose gradients from the top to the bottom of the tube in a highly reproducible manner.
Assays
The sucrose concentration of each fraction was measured by refractive index (Abbe refractometer, Otago, Japan), and buoyant density was calculated from standard tables.
Specific binding of [ 125 I]-hLH was measured by the method of Broadley et al. [1994] . Luteal cellsurface membrane and intracellular organelle markers were measured in triplicate by minor adaptations of previously published methods [Bramley & Menzies, 1988a] , optimized for the equine CL. Buoyant density of membranes and organelles was calculated as described previously [Bramley & Menzies, 1988a] . The methods used for the measurement of progesterone content of density gradient fractions by specific RIA and for the specific binding of [ 3 H]progesterone have been described in detail previously . Fractions with high activity were pooled and were treated twice with an equal volume of icecold dextran-coated charcoal (DCC; 1.25 g activated charcoal, 0.125 g dextran T70 in 100 ml of 40 mmol/L Tris-HCl buffer, pH 7.4) followed by centrifugation at 2500 X g for 10 min to remove endogenous unbound steroids.
RESULTS
Markers for the major luteal cell organelles were found to equilibrate at different buoyant densities: plasma membrane markers (alkaline phosphatase, Fig 3 ). Most of the endogenous progesterone content of the equine luteal homogenate was recovered in gradient fractions with a buoyant density of 19-24% sucrose (1.08-1.10 g/cm 3 ), with little progesterone recovered in cytosolic or nuclear fractions (Fig. lc) .
Despite charcoal stripping to remove endogenous unbound steroids, fractions pooled from regions of the gradients enriched in progesterone content (1.08-1.10 g/cm 3 ) bound little [ 3 H]progesterone in vitro, even at high membrane concentrations (Fig. 2a) . However, in the presence of digitonin, progesterone binding increased markedly with increasing membrane concentration (Fig. 2a) . Digitonin alone had little effect on progesterone binding, but stimulated binding in the presence of luteal membranes in a dose-dependent fashion, reaching a plateau at about 250 nmol/tube (Fig. 2b) . There was no specific binding of [ 3 H]progesterone to luteal membrane gradient fractions in the absence of digitonin, but a broad peak of binding equilibrating at a buoyant density of 1.10-1.14 g/cm 3 was observed when in vitro binding assays were conducted in the presence of digitonin (400 umol/tube; Fig. Id) .
The effects of digitonin on progesterone binding were specific; and a number of cationic, anionic, and nonionic detergents failed to mimic the effects of digitonin by increasing [^progester-one binding. Furthermore, other cholesterolbinding saponins (filipin, nystatin, tomatine) and cardiotonic steroids (ouabain, digoxin, digitoxin, digoxigenin) Fig. 3; Table 1 ). In addition, other radiolabeled steroids were not bound appreciably by this fraction, even in the (2) 14,200 ± 5800 (2) 245,000 ± 44,500 (3) 250,000 ± 50,000 (2) >1,000,000 (2).:
>1,000,000 (2)"" ]pregnenolone tracer bound, unlabeled progesterone competed for radiolabeled pregnenolone binding at much lower concentrations than did unlabeled pregnenolone (data not shown).
DISCUSSION
We have described herein the presence of specific, high-affinity (IC 50 , 70 nM) particulate binding sites for progesterone in the equine CL. Endogenous progesterone equilibrated at a density of 1.08-1.10 g/cm 3 , a buoyant density similar to that of luteal endoplasmic reticulum (ER) membranes in other species [Bramley & Menzies, 1988a ,b, 1994 . Little progesterone was associated with fractions enriched in either cytosol or nuclei (Fig. lc) , in contrast to the usual subcellular localization of classical progesterone receptors. The enzymes involved in the synthesis of progesterone are thought to be associated with the smooth ER, suggesting that the 1.08-1.10 g/ cm 3 fraction may represent newly synthesized progesterone associated with the smooth ER (Fig. lc) . In contrast, in the presence of digitonin, [
3 H]progesterone tracer was bound in vitro to fractions with a buoyant density of 1.10-1.14 g/cm 3 (Fig. Id) , a buoyant density similar to that of luteal cell-surface membrane markers (Fig. 1, a and b) but distinct from the profile of markers for cytosol, nuclei, mitochondria, and lysosomes (Fig. 1, b and c) . This finding differed from those from fractionation studies of ovine and porcine CL in which both endogenous and exogenous progesterone content and [ 3 H]progesterone binding measured in vitro in the presence of digitonin equilibrated at a buoyant density coinciding with that of markers for smooth ER membranes . This suggests that the subcellular localization of steroid-binding sites in the mare CL may differ in this regard from that in other species.
The demonstration of specific progesterone binding to equine luteal membranes in vitro required the inclusion of digitonin in the binding assay. Digitonin is a steroidal detergent (saponin) and may stimulate binding by disrupting resealed membrane vesicles, allowing access of tracer to previously inaccessible progesteronebinding sites on the internal surface of the vesicle. However, a range of detergents that effectively abolish membrane permeability barriers to the passage of impermeant molecules in other systems failed to stimulate progesterone binding. Digitonin also has structural similarities to digoxin and other cardiotonic steroids; however, a range of cardenolide steroids had neither stimulatory nor inhibitory effects on progesterone binding to equine membranes (Table 1 ), suggesting that the action of digitonin was not attributable to its cardiotonic activity.
Digitonin forms one-to-one complexes with steroids with the 3|3-hydroxy A 4 configuration possessing a side chain at C17 [Severs & Robenek, 1983] ; it may therefore act by binding to cholesterol or another endogenous luteal steroid. Indeed, experiments with bovine luteal membranes have indicated that digitonin precomplexed to cholesterol or pregnenolone no longer stimulated [ 3 H]progesterone binding to bovine CL membranes, suggesting that the ability to complex with an endogenous steroid may be important in the mechanism of action of digitonin (Rae and Bramley, unpublished data) . However, this action would seem to be specific, since other cholesterol-active compounds (filipin, nystatin, and tomatine [Severs & Robenek, 1983] ) failed to reproduce the effects of digitonin on binding.
The simplest explanation of our data is that equine luteal steroid-binding sites are already occupied by an endogenous, tightly bound (luteal membrane?) steroid(s) that is not removed by stripping with dextran-charcoal. We suggest that digitonin interacts specifically with this endogenous steroid(s) to form a digitonide-steroid complex; this removes digitonin from the binding site and enables binding of exogenous [
3 H]progesterone to the vacant binding site. Experiments are in progress to verify this explanation and to identify the endogenous digitonin-active steroid(s). Our results have indicated the presence of a new class of high-affinity, progesterone-specific binding sites in the equine CL that appear to be associated with the luteal cell-surface membrane. These sites may be involved in the mechanism of progesterone secretion from the cell. However, the observation that endogenous progesterone content (Fig. lc) and [ 3 H]progesterone binding in vitro (Fig. Id) could be resolved in these gradients suggests that these sites are probably not involved in steroid packaging for secretion in the mare CL.
Alternatively, these specific progesteronebinding sites may be involved in mediating autocrine/paracrine effects of progesterone on luteal cell function. "Classical" progesterone receptors have been described in luteal tissue from a number of species [Press & Green, 1988; Korte & Isola, 1988; Isola et al., 1987; HildPetito et al., 1988; Iwai et al., 1990; Horie et al., 1992] and may be involved in local regulation of luteal cell function. However, the inability of the classical progesterone receptor antagonist, RU486, to compete for particulate luteal progesterone-binding sites (Table 1) clearly distinguished the particulate steroidbinding sites from classical progesterone receptors. Hence, RU486 will be a useful tool with which to distinguish those actions of progesterone on the CL that are mediated by classical progesterone receptors from those mediated by cell-surface progesterone-binding sites.
